Abstract: Individual species may be useful as indicators of biodiversity if an association exists between the presence of a species and another component of biodiversity. We evaluated 40 species of birds and small mammals, including 11 species of conservation concern, as potential indicators of species richness and species composition in southern California
Introduction
The establishment of protected natural areas is often necessary for the in situ conservation of biodiversity in threatened habitats (Soulé 1991) . Because the amount of habitat that can be protected is usually limited, designers of reserve systems must prioritize the conservation value of potential reserves (Margules & Usher 1981; Usher 1986; Pressey et al. 1993; Williams et al. 1996) . Biodiversity is a commonly used criterion for selecting reserves, and potential reserves can be evaluated for multiple levels of biological diversity, including genetic diversity, species diversity, and community diversity (Noss 1990 ). This assessment would be simplified if biologists could identify relatively easily measured indicators of biodiversity. A commonly used approach is the indicator species, defined by Landres et al. (1988) as "an organism whose characteristics, such as presence or absence, population density, dispersion, reproductive success, are used as an index of attributes too difficult, inconvenient, or expensive to measure."
Many recent studies of biodiversity indicator taxa have focused on whether patterns of species richness or rarity are correlated among taxa or whether areas with large numbers of rare species are also rich in species (e.g., Ryti 1992; Kerr 1997; Prendergast & Eversham 1997; Lawton et al. 1998; Pearson & Carroll 1998; Tardif & DesGranges 1998; Troumbis & Dimitrakopoulos 1998; also reviewed in McGeoch 1998) . Less often addressed is whether the presence of an individual species in a potential reserve can serve as an indicator of species richness or species composition (Launer & Murphy 1994; Nilsson et al. 1995; Niemi et al. 1997) . Although criticism of the indicator species concept has led to growing interest in habitat-based, multi-species conservation planning (Beatley 1994; Martin 1994) , single species remain important foci of conservation efforts because they are easier to identify and study than other levels of biodiversity and are more likely to be protected by law (Noss 1990; Martin 1994) . For an individual species to be used as an indicator, its distribution must provide relevant information, for example, about the distributions of other species. We define biodiversity indicator species as those whose presence is correlated with high species richness or with the presence of a threatened biological community or subassociation.
Coastal sage scrub habitat in Southern California provides an excellent testing ground for the use of indicator species in conservation planning. Coastal sage scrub, which has been reduced to 10-30% of its former extent by conversion for human use, supports approximately 100 animal and plant species considered rare, sensitive, threatened, or endangered by California or U.S. federal wildlife agencies (Atwood 1993; McCaull 1994) . California's Natural Community Conservation Planning (NCCP) program aims to design a reserve system to protect biodiversity in coastal sage scrub habitat while allowing economic development in areas of lower biological significance (Atwood 1993; McCaull 1994) . The NCCP program has evolved largely in response to the legal protection given to one coastal sage scrub species, the California Gnatcatcher ( Polioptila californica ). Planning decisions have emphasized the conservation of this and other target species (Atwood 1993; State of California 1993 a ; Atwood & Noss 1994) . Therefore, it is important to understand the relationship between the distribution of individual species and the overall patterns of biodiversity within coastal sage scrub habitat.
We used data from surveys of passerine birds and small mammals to evaluate the relationship between potential indicator species and several attributes of the coastal sage scrub community in which they were found. Specifically, we asked two questions: (1) Is there an association between the presence of a potential indicator species and the species richness of the bird or smallmammal community in which it was found? This might be true if, for example, a single rare species tends to occur in species-rich sites. (2) Is there an association between the presence of a potential indicator species and the species composition of the bird and small-mammal community in which it was found? If so, and if species composition varies within coastal sage scrub habitat, then indicator species could be used to help ensure that this variation would be represented in a reserve system. In addition, we asked if patterns of species richness and composition in birds and small mammals are correlated. 
Methods

Focal Species
We chose two groups of taxa as potential indicators in our analyses: (1) species or subspecies of conservation concern (i.e., those identified as sensitive, threatened, or endangered, or suggested as targets of conservation planning) and (2) species occurring commonly in our samples (Table 1 ). The first group includes 11 taxa that have been listed as species or subspecies of special concern by the California Department of Fish and Game (State of California 1992 , 1993 and three taxa that have been suggested as foci of conservation efforts in Riverside County because they occur at low densities (Anonymous 1994) . The second group includes species detected at Ͼ 10% and Ͻ 90% of our sampling points, because species found in fewer samples are less likely to be characteristic of coastal sage scrub habitat and because species found in almost all samples cannot represent within-habitat variation in species richness or composition.
Study Area
Coastal sage scrub is a partially drought-deciduous shrubland found in southwestern California and northwestern Table 1 . Species chosen for evaluation as potential indicators of species richness and species composition in coastal sage scrub habitat, and their frequency of occurrence among sampling points ( n ϭ 155), among sites ( n ϭ 16), and among sites with Ն 10 points ( n ϭ 9). (Anonymous 1994) . b Species or subspecies of special conservation concern (State of California 1992 , 1993 .
Number of detections
Species
Baja California that is dominated by shrubs 0.5-2.0 m in height (Westman 1981) . Plant species composition varies within this broadly defined habitat, and there are several distinct types of coastal sage scrub (Westman 1983; White & Padley 1997) . Dominant shrubs include California sagebrush ( Artemisia californica ), black sage ( Salvia mellifera ), white sage ( Salvia apiana ), California encelia ( Encelia californica) , brittlebush ( Encelia farinosa ), and California buckwheat ( Eriogonum fasciculatum ; Westman 1981 Westman , 1983 . Our study sites were located in Orange, Riverside, and San Diego Counties (Fig.  1) . We selected sites and sampling points based on the presence of the above shrub species and the ability to secure permission to access the site.
Sampling
In designing our sampling, we were faced with the classic dilemma of the tradeoff between extensive versus intensive sampling. Following recommendations from Ralph et al. (1995) , and considering our need to survey a broad region, we traded exhaustive sampling at each point for an increase in the number of points and sites sampled. Therefore, our sampling was not meant to provide an exhaustive count of the number of species present but rather to provide a relative index of species richness and composition. We established 155 sampling points at 16 sites ( Fig. 1) . Within each site, we placed points systematically in coastal sage scrub habitat with the following constraints: points were at least 50 m from roads, trails, and ecotones with other habitats, and points were at least 200 m apart to avoid sampling the same individual birds at more than one point. A maximum of 20 points was established per site. In sites that were too small to contain 20 points, we established as many points as possible.
We sampled birds by conducting two, 5-minute unlimited-radius counts at each point (Ralph et al. 1995) , one early in the breeding season (19 March-1 May 1996) and one later in the season (3-25 May 1996). All birds detected from the point center were included, except for those located in adjacent nonscrub habitat types or detected only flying overhead. Second visits to each site were made in the same order as first visits to ensure that each site was sampled in both early and late spring. To avoid observer bias, point counts were conducted by four experienced observers, and each point was sampled by a different observer on the first and second visit. To avoid potential bias due to time of day and weather conditions, we conducted point counts between sunrise and 5 hours after sunrise on mornings with no rain or strong wind, and we reversed the order in which points were sampled within each site between the first and second visits to the site. Bird species not well sampled by point counts include flocking species and nocturnal species (Ralph et al. 1993) .
Small mammals were sampled over 3 consecutive days of trapping at each point. We used 16 Sherman live-traps spaced 8 m apart in a 4 ϫ 4 grid. Mammal trapping grids were centered within 15 m of the point from which birds were sampled. Points were sampled between 7 May 1996 and 27 June 1996. Three-day trapping periods were chosen because longer-term trapping at a subset of points showed that 90% of all species detected at each trapping point with a 7-day trapping period were detected by the third day (M.V.P., unpublished data). Because small-mammal activity can be affected by moonlight ), trapping was not done for 2 days before and after a full moon. Traps were baited with a mixture of rolled oats, peanut butter, and corn syrup. Mammals were identified to species using keys derived from Ingles (1965) and Jameson and Peeters (1988) . Sherman traps of the size used in this study (8 ϫ 9 ϫ 23 cm) are effective for detecting most groups of nonvolant small mammals ( Ͻ 500 g; mainly rodents) that potentially occur in coastal sage scrub habitats, including murids, heteromyids, cricetines, and microtines (M'Closkey 1972; Meserve 1976; Salvioni & Lidicker 1995) . Our sampling method, however, was not geared toward several species of small mammals that po- Recreational Area (20); 4, Motte Rimrock Reserve (10); 5, Kabian Park (10); 6, Santa Margarita Ecological Reserve (5); 7, Pamo Valley (4); 8, Black Canyon (5); 9, Wild Animal Park (8); 10, Sweetwater River National Wildlife Refuge (11); 11, Point Loma (10); 12, Torrey Pines State Park (8); 13, Rancho Mission Viejo (10); 14, Starr Ranch (18); 15, Sycamore Hills (10); 16, Limestone Canyon (16) .
tentially occur in our study sites: gray shrew ( Notiosorex crawfordi ), ornate shrew ( Sorex ornatus ), broad-footed mole ( Scapanus latimanus ), valley pocket gopher ( Thomomys bottae ), and California ground squirrel ( Spermophilus beecheyi ).
Analysis
Many studies of biodiversity focus on the species richness of entire study sites, which is known to be influenced by site characteristics such as area and habitat heterogeneity (e.g., Soulé et al. 1988) . To focus on patterns of alpha diversity in coastal sage scrub rather than patterns associated with variation in area among sites, we instead analyzed species richness and composition at individual sampling points. We evaluated (1) whether the presence of a potential indicator at certain points was associated with the species richness or composition at those points, and (2) whether the presence of a potential indicator at certain sites was associated with the richness or composition averaged over all points within those sites.
Species Richness at Point and Site Scales
To determine if the presence of a focal species was an indicator of species richness, we first compared species richness among individual sampling points ( n ϭ 155). We estimated species richness as the number of species detected per point over the two sampling intervals, excluding the focal species that was the subject of the test. Bird and mammal species richness were analyzed separately. Because our analyses were repeated for each focal species, we used the standard Bonferroni correction for multiple tests to keep the table-wide Type I error rate at 0.05. For all point-scale analyses, we tested 37 focal species ( ␣ ϭ 0.0014).
Randomization tests (Sokal & Rohlf 1995) were used to compare mean species richness at points where a focal species was detected to the expected species richness at a random sample of points. We used this as an alternative to a parametric test because the number of points at which a focal species is found can be much smaller (or much larger) than the number of points where it is not found (e.g., California Gnatcatchers were detected at 19 out of 155 points). In this procedure, the mean species richness (excluding the focal species) was calculated from a random sample of points drawn from the 155 observed richness values, where the size of the random sample equaled the number of points at which the focal species was detected. This procedure was iterated 10,000 times to create an expected distribution of sample means. The observed mean species richness at points where the focal species was detected was compared to this distribution, and its statistical significance (departure from the expected mean) was determined.
We also compared species richness at sites where a focal species was detected to sites where it was not detected. The mean number of species detected per point differs significantly among sites (Chase et al. 1998) . We wished to determine whether this variation among sites in the number of species detected per point was correlated with the distribution of any of our focal species. To maintain relatively uniform sample sizes across sites and to avoid sites with a small number of points, we restricted this analysis to sites with 10 or more points ( n ϭ 9). We did not test focal species that were detected at only one site or that were absent from only one site (Table 1) . We tested 19 focal species ( ␣ ϭ 0.0026). To compare mean species richness between sites with and without each of the focal species, we used a one-way analysis of variance (ANOVA). The ANOVAs were performed with STATA statistical software (Stata Corporation 1997).
Species Composition
Species composition was analyzed by detrended correspondence analysis (DCA) based on species presence or absence at each point and was conducted with PC-ORD statistical software (McCune & Mefford 1995) . The DCA is an ordination technique that quantifies the relationship among a set of points based on the similarity of their species composition, and the relationship among species based on the similarity of their distribution among points (Gauch 1982) . Points and species are ordered on axes so that points with similar species composition will have similar axis scores, and species with similar patterns of distribution will also have similar scores. Thus, the scores of points on ordination axes can be used as an index of the species composition at those points, and the mean scores of points within a site can be used as an index of the species composition at a site. A further advantage is that DCA axes are linearized such that beta diversity (the compositional difference between two points) is constant. Thus, a unit difference between two points at one end of a gradient represents the same compositional change as a unit difference between two points at the other end. Patterns of species composition in birds and mammals were similar when analyzed separately, so we present results from a single DCA analysis of both bird and mammal species.
We compared species composition at points where focal species were detected to the expected species composition at a random sample of points using a randomization test of point scores on the first DCA axis. With the Bonferroni correction, the alpha level for each test was 0.0014. To compare species composition between sites with and without each of the focal species, we conducted a one-way ANOVA on the mean of the DCA axis-1 point scores for each site. We did not test focal species detected at only one site or absent from only one site. The alpha level for each test was 0.0026. We examined the relationship between species composition and geographical location of our sampling points with a multiple linear regression of the DCA axis-1 point scores, using as independent variables the Universal Transverse Mercator (UTM) eastings and northings and the interaction of eastings and northings. For illustrative purposes, geographic contours of DCA axis-1 scores were estimated by an inverse distance weighting method ( Jandel Scientific 1994) . In this method, values at all sampled points are used in interpolating contour intervals but are weighted inversely to their distance to each map point.
Results
Species Richness
On average, 12 bird species (range, 5-19) and 3 mammal species (range, 0-6) were detected at each sampling point. Bird and mammal species richness were not correlated among points (r ϭ 0.05, p ϭ 0.64). Two species of conservation concern, the Loggerhead Shrike and Stephens' kangaroo rat, were detected at only one sampling point and thus could not be used in the point-scale analyses as focal species. Of the other potential indicator species, only Sage Sparrows were associated with species richness at points where they were detected (n ϭ 37 points). At these points, the number of co-occurring bird species was 10.4 on average, compared to 11.7 species at randomly sampled points ( p Ͻ 0.0014). The mean mammal species richness at points where Sage Sparrows were detected was 3.6, compared with 2.8 at randomly sampled points ( p Ͻ 0.0014).
The mean number of bird species detected per point also varied among sites, ranging from 9.0 at Point Loma to 13.4 at Limestone Canyon. The mean number of mammal species detected per point ranged from 1.8 at Point Loma and Rancho Mission Viejo to 4.8 at Motte Rimrock. Bird and mammal species richness were not correlated among sites (r ϭ 0.08, p ϭ 0.84). Nine potential indicator species were detected at all nine sites and therefore could not be analyzed as indicators at the site scale; also not analyzed at the site scale were 12 species found at only one or at all but one site (Table 1) . Of the remaining 19 species, only Common Yellowthroats were associated with higher bird species richness at sites where they were found (mean ϭ 12.6 at three sites where Common Yellowthroats were found; mean ϭ 9.9 at sites where they were not found; F ϭ 38.77, p ϭ 0.0004). The Western Scrub-Jay was associated with lower mammal species richness (mean ϭ 2.3 at seven sites where Western Scrub-Jays were found; mean ϭ 4.3 at sites where they were not found; F ϭ 26.38, p ϭ 0.0013). Although the results were not statistically significant, several other species tended to be associated with species richness at sites where they were found: Greater Roadrunner (mean ϭ 3.6 mammal species at three sites where they were found; mean ϭ 2.4 at sites where they were not found; F ϭ 4.28, p ϭ 0.08), San Diego pocket mice (mean ϭ 10.9 bird species at five sites where they were found; mean ϭ 13.1 at sites where they were not found; F ϭ 7.54, p ϭ 0.03), dusky-footed woodrat (mean ϭ 1.9 mammal species at five sites where they were found; mean ϭ 3.3 at sites where they were not found; F ϭ 5.65, p ϭ 0.05), California mouse (mean ϭ 1.9 mammal species at six sites where they were found; mean ϭ 3.6 at sites where they were not found; F ϭ 9.14, p ϭ 0.02).
Species Composition
The first two DCA axes explained 44.9% of the covariation in sample and species dispersion (axis-1 eigenvalue ϭ 0.313; axis-2 eigenvalue ϭ 0.136). The distribution of points (classed by their approximate location) with respect to DCA axis 1 suggests that this axis might represent geographic variation in species composition (Fig. 2) . This is confirmed by a statistically significant multiple regression of DCA axis-1 point scores on UTM east and north coordinates and their interaction (F 3,151 ϭ 84.18, p Ͻ 0.001). This regression accounted for 62.6% of the total variation in DCA axis-1 scores. Each term in the regression equation was significant (all p Ͻ 0.01). The geographical nature of this variation was revealed when we plotted contours of DCA axis-1 scores on a regional map (Fig. 3) .
Of the 37 species we evaluated, seven birds and three mammals were significantly associated with points characterized by an "inland" species association, whereas six birds and two mammals were found at points with a more "coastal" species association (Table 2; Fig. 4 ). The remaining 19 species occurred at points with a species composition that was not significantly different from that of randomly sampled points. Of the 14 species of conservation concern, 9 were clearly associated with inland points, 2 were associated with coastal points, and 3 were intermediate (Fig. 5) . Those species that occurred at only one point (LOSH, DIST, PELO) were "peripheral" in their distribution with respect to the ordination, suggesting that their apparent rarity was due to our sampling in a habitat that was marginal for them.
Although Canyon Wrens and Horned Larks were indicators of species composition at a point scale, they could not be analyzed at the site scale because they were each found at only one site. Of the 19 species tested at the site scale, one bird and two mammals were significantly associated with sites with a more coastal species composition, whereas two birds and two mammals were associated with sites with a more inland species composition (Table 2; Fig 4) . The gradient in species composition among sites can be described in more detail when the species-by-site matrix is ordered by DCA axis-1 scores, thus revealing where each species occurs along the gradient (Table 3) . For some species the pattern was strong: three species associated with the inland community (Sage Sparrow, Pacific kangaroo rat, and deer mouse) were detected only at sites lacking the two species associated most strongly with coastal sites (Cactus Wren and dusky-footed woodrat), and vice versa.
In addition, we identified a core group of species found at all the sites we sampled (Table 3) , which included California Towhee, Spotted Towhee, Costa's Hummingbird, Bewick's Wren, and California Quail. Although the species composition of sites in San Diego county was generally intermediate to that of coastal (Orange county) and inland (Riverside County) sites, we did not find a group of species that was associated primarily with the center of the gradient (Table 3) . Instead, San Diego sites (sites 7-12 in Table 3 ) tended to contain both species characteristic of inland sites, such as Sage Sparrow and San Diego pocket mouse, and species characteristic of coastal sites, such as Wrentit and California mouse.
Discussion Species Richness
Three of the 37 species we tested were significantly associated with species richness, and four additional species showed marginally nonsignificant associations. In three cases the presence of an individual species was associated with higher species richness, whereas in four cases it was associated with lower species richness. Species of conservation concern were not more frequently associated with species richness than were common species. Therefore, species of conservation concern cannot be assumed to be indicators of "hotspots" of bird and small-mammal richness in coastal sage scrub.
Similarly, two recent studies show little geographical correspondence between locations with high numbers of rare taxa and locations with high species richness (birds, Williams et al. 1996 ; birds, liverworts, and aquatic plants, Prendergast et al. 1993) . In contrast, Debinski and Brussard (1994) found an overlap between sites that support high species diversity and sites that support rare species of birds and butterflies. The usefulness of rare species as indicators of species richness is likely to vary among geographic locations and spatial scales (McGeoch 1998) .
In several cases the presence of a bird species was associated with small-mammal richness or vice versa, suggesting that single species could potentially serve as cross-taxa indicators. But the overall lack of correlation between bird and mammal species richness in our study suggests that there is no substitute for targeting multiple taxa in conservation planning. Similarly, several other studies show few consistent relationships between species richness in different taxa (butterflies and plants, Kremen 1992 ; six vertebrate taxa, Lombard 1995; birds, butterflies, and dragonflies and damselflies, Prendergast & Eversham 1997 ; birds, butterflies, and six invertebrate taxa, Lawton et al. 1998) . One study, which took place on a global scale, shows a correlation among species richness in tiger beetles, birds, and butterflies (Pearson & Cassola 1992) . These results also suggest that the useful- ness of biodiversity indicators varies among spatial scales (Flather et al. 1997; Reid 1998) .
Species Composition
Ordination analysis (DCA) revealed a geographic gradient bird and small-mammal species composition in coastal sage scrub across southern California (Figs. 2 & 3) . A similar coastal-inland gradient has been found in the coastal sage scrub plant community at our sampling points ( J.T.R., unpublished data). Also, classification analyses of coastal sage scrub vegetation types (Westman 1983) distinguish between a coastal species association (Diegan) and a higher-elevation inland species association (Riversidian). Underlying the vegetation gradient is a strong climatic gradient, with the inland area experiencing higher evapotranspiration during the summer than the coastal area (Westman 1981) . If, as this suggests, parallel geographic variation exists in the species composition of bird, small-mammal, and plant communities in coastal sage scrub, then individual species or groups of species in one taxon might be useful as indicators of species assemblages in other taxa.
Eighteen of the species we evaluated were associated with the composition of the bird and small-mammal community in which they were found (Table 2 ). In particular, the Cactus Wren, dusky-footed woodrat, and California mouse were strongly associated with a more coastal-type bird and small-mammal community at both the point and site scales. Of these three, the Cactus Wren has two advantages as a biodiversity indicator species: it is more easily detected than the small-mammal species, and it is a species of special conservation concern. The Greater Roadrunner, Sage Sparrow, Pacific kangaroo rat, and deer mouse were the species most strongly associated with a more inland-type bird and small-mammal community at both spatial scales. The Sage Sparrow, a species of conservation concern, is also associated with low bird species richness and high mammal species richness.
Several species significantly associated with species composition at the point scale were not significant at the site scale (Table 2) . For some species, such as the Western Scrub-Jay and the San Diego pocket mouse, this may be due to the reduced power of the site-scale tests. Other species, however, such as the Black-chinned Sparrow and the Rufous-crowned Sparrow, appear to have been associated with a distinct species assemblage at the point scale but not at the larger spatial scale of sites. These species were widely distributed among sites, but within sites they occurred primarily in a subset of points with a distinct species assemblage. For example, although the Rufous-crowned Sparrow was found at 15 out of 16 sites, it was strongly associated with points where the species composition was more typical of inland sites. This suggests that the variation we found in bird and mammal species composition may be associated with variation in habitat characteristics within sites, as well as with larger-scale geographic variation. This is consistent with what is known about variation in the coastal sage scrub plant community. For example, DeSimone and Burk (1992) found small-scale variation in plant species associations within the Starr Ranch site that paralleled regional-scale variation. The two mammals associated with the coastal species assemblage, the dusky-footed woodrat and California mouse, were also associated with low small-mammal species richness, and two of the species associated with the inland species assemblage, the Sage Sparrow and San Diego pocket mouse, were associated with low bird-species richness. This suggests that a reserve system encompassing the range of variation in coastal sage scrub bird and small-mammal communities must include sites with both high and low species richness.
Other Uses of Indicators
Single species may also be used as indicators of environmental change-for example, to detect environmental contamination, to evaluate the effects of changes in habitats over time, or to monitor population trends of other species (Landres et al. 1988; Temple & Wiens 1989; Noss 1990) , and for this purpose the evaluation criteria may differ (e.g., Kremen 1992; Debinski & Brussard 1994; Lawton et al. 1998; McGeoch 1998; Rodríguez et al. 1998) . Several of the species associated with species composition in our study may also be useful as indicators of environmental change due to their sensitivity to habitat fragmentation (Cactus Wren, Soulé et al. 1988 ; Sage Sparrows, Black-chinned Sparrows, Rufous-crowned Sparrows, Bolger et al. 1997 ).
An additional group of species that may warrant special conservation effort are umbrella species-"species with large area requirements, which if given sufficient protected habitat area, will bring many other species under their protection" (Noss 1990 )-although large area requirements per se do not ensure that co-occurring species will benefit from the protection of a single species (Landres et al. 1988) . Of the species we evaluated, Greater Roadrunners are potential umbrella species within the inland-type species assemblage because of their large area requirements (Hughes 1996) . The California Gnatcatcher, which has been a major focus of conservation efforts in this region, was not an indicator either of community composition or of species richness within coastal sage scrub, although it may still be an indicator of environmental change because of its sensitivity to habitat fragmentation (Soulé et al. 1988) or an umbrella species because of its large territory requirement (Fleury et al. 1998; Preston et al. 1998 ).
Caveats
Any sample that is not exhaustive will not detect all species present and thus will always underestimate true species richness at a point or other sampling unit. In our Fig. 2 analyses, however, we are concerned with comparative rather than absolute species richness. For our analyses to be biased with respect to richness, the species accumulation rates-the number of species added at a point as survey effort increases-would have to differ systematically among points, such that additional sampling would change the rankings of points based on the number of species detected. This is unlikely in our surveys because our sampling points were intentionally located in similar coastal sage scrub vegetation throughout the survey region. Another drawback of nonexhaustive sampling is that potential indicator species that are inconspicuous may have been missed at individual points. Again, this would introduce a bias in our analyses only if the presence of a potential indicator was less likely to be detected at points with a nonrandom species richness or composition. Even if there is no systematic bias, however, random between-point error in estimating richness will remain in any nonexhaustive sampling effort. This source of variation reduced the power of our statistical tests and hence reduced our ability to identify species that are weak indicators (in statistical parlance, species associated with a low effect size). It did not reduce our confidence in those species that the statistical tests had already identified. Increasing the sampling effort at a point, by reducing error variance, would likely yield additional statistically significant indicator species. One might argue, however, that because these additional species are associated with small effect sizes, their usefulness in a planning context is diminished compared to that of the others already identified.
The issue of "undersampling" occurs with respect to community composition as well. Again, however, unless there is some systematic bias across sites (e.g., if lessconspicuous species, which are undersampled in less than exhaustive surveys, occur nonrandomly with respect to species composition), our results should be robust. We also have an independent assessment that indicates that our estimate of community composition at a point is robust. In the year preceding the collection of the data reported here (1995), we initiated a pilot effort in which we sampled birds and small mammals using the same techniques at 78 points distributed among eight sites. Of those 78 points, 65 were in common with the 155 reported here. We performed a DCA of those 78 points and then correlated the 1995 DCA axis-1 scores of the 65 points in common with their scores on the 1996 DCA axis 1. If point sampling inadequately captures composition-if one were simply collecting a small, random subsample of the species occurring at each point-then one would expect little association between the two scores. Instead, the correlation we found was highly statistically significant (r ϭ 0.88, df ϭ 63, p Ͻ 0.0001), implying a high similarity of species composition between years.
Conclusion
The presence of some individual species may serve as indicators of the overall species composition of birds and small mammals in a coastal sage scrub habitat patch but may say less about its species richness. Therefore, to allow the most effective use of individual species as targets of conservation planning in coastal sage scrub, the list of species should at least include those from both ends of the geographic spectrum of species composition. Conservation efforts are particularly needed in inland coastal sage scrub where the habitat is threatened by air pollution and grazing, as well as by the more widespread threats of urbanization, increasing fire frequency, and invasion by exotic plants (Westman 1987; O'Leary 1990; Minnich & Dezzani 1998) . Ideally, future evaluations of indicator species in coastal sage scrub would include additional taxa, such as the bird and mammal species not sampled in our study and herptiles, invertebrates, and plants. Even if certain individual species are Fig. 1 ; species codes as in Table 1 and Appendix 1.
found to be reliable indicators of biodiversity, however, more study is needed to show whether the protection of an indicator will necessarily result in the protection of other species sharing the same habitat. Efforts to conserve the coastal sage scrub community should not focus exclusively on rare species or on locations with the highest species richness but instead should focus on a diverse suite of species representative of the range of variation found in coastal sage scrub habitats.
